Diastolic heart failure (DHF) is a group of clinical syndromes related to the performance of the pulmonary circulation and systemic circulation, with normal left ventricular (LV) systolic function. The pathophysiology of diastolic dysfunction includes delayed relaxation, impaired LV filling, and/or increased stiffness. These conditions result in impaired LV diastolic relaxation ability and a decrease in myocardial compliance. In recent years, studies on the mechanisms of DHF have focused on the renin-angiotensin-aldosterone system, inflammatory cytokines, oxidative stress, the process of myocardial calcium cycling, and associated proteins. The pathomechanism has been proven to be due to a deficiency in ATP, and Ca 2+ cannot be reduced by sarcoplasmic reticulum calcium pump (SERCA2a), which leads to myocardial diastolic dysfunction. The correlation between the degradation process of ATP and its metabolites and DHF has also been studied in recent years. This paper summarizes the views on the above and analyzes the correlations between the molecular mechanisms.
which causes myocardial remodeling. Aldosterone can also increase NADPH oxidase, activate nuclear factor-κB, and increase the expression of matrix metalloproteinase (MMP) 2 and mRNA of type I collagen and GTGF. Type I collagen is a fiber. Excessive collagen accumulation increases the tension of the stromal cells while weakening their extensibility and elasticity, which leads to myocardial stiffness [2] . In contrast, in systolic heart failure, myocardial interstitium is mainly composed of type III collagen. Due to its greater extensibility and elasticity, the chambers of the heart increase but myocardial stiffness does not drastically change [2, 3] . Aldosterone can also be produced by oxidative stress mediated by myocardial remodeling. Possible mechanisms are as follows: (1) aldosterone upregulates the expression of NADPH oxidase [4, 5] ; (2) aldosterone causes an increase in external oxygen free radicals in the peripheral blood [6] ; (3) aldosterone produces reactive oxygen species (ROS) by the mitochondrial respiratory chain [7] , and (4) aldosterone downregulates the expression of superoxide dismutase and reduces the tissue's ability to produce scavenging oxygen free radicals [8] . Ang II and aldosterone also increase inflammatory cytokines, such as interleukin-6 (IL-6) and C-reactive protein, which cause endothelial injury [9, 10] .
Inflammatory Cytokines
It has been confirmed that one of the mechanisms of chronic heart failure is an inflammatory reaction. Some inflammatory cytokines can induce myocardial apoptosis and reduce ventricular wall compliance through multiple pathways. When myocardial damage due to acute cardiac insufficiency occurs, neurohormonal and inflammatory cytokines have compensatory effects on the body; however, their persistent activation will cause damage to multiple systems. Activation of the immune response is currently believed to be what causes the generation of inflammatory cytokines. The mechanism may be one of the following: (1) the damaged tissue as an antigen activates an immune reaction [11, 12] ; (2) the reduction in an effective output due to various reasons causes prolonged organ ischemia and hypoxia, and then induces the tissue to produce a large number of proinflammatory cytokines; (3) patients with chronic heart failure due to long-term circulation ischemia will experience a release of intestinal endotoxin, which activates the immune response and produces large amounts of inflammatory cytokines [13] , and (4) excessive activation of neuroendocrine and autonomic nerve function disorder. Thus far, it has been found that inflammatory cytokines associated with heart failure mechanism include TNF-α, IL-6, IL-8, IL-10, IL-1α, IL-1β, IL-2, TGF-β, and IFN-γ [14] [15] [16] [17] [18] [19] . TNF-α is the main cytokine associated with the mechanism of DHF. Cardiomyocyte apoptosis is induced by TNF-α in the following ways: (1) it activates p38 mitogen-activated protein kinase, triggering apoptosis [20] ; (2) it converts nitric oxide (NO) to peroxynitrite ion (ONOO -) by stimulating iNOS expression, thereby inducing apoptosis of myocardial cells, and (3) it induces myocardial apoptosis by oxidative stress [21] .
Various studies have shown that TNF-α can reduce ventricular wall compliance. TNF-α perfusion may cause an increase in left ventricular (LV) end-diastolic volume and impaired myocardial compliance. TNF-α affects MMP activity as well as tissue inhibitor of metalloproteinase (TIMP) activity. The generation of myocardial collagen fibers is associated with MMP/ TIMP activity. In the early inflammatory stage, the MMP activity exceeds TIMP activity; thus, the generation of collagen fibers is reduced and causes LV dilatation. With the development of disease, MMP activity decreases but the level of TIMPs is increased and the level of collagen fibers is decreased [22] .
The Process of Myocardial Calcium Cycling and Associated Protein
Myocardial dysfunction is related to the abnormal cycling process of myocardial calcium. The calcium cycle includes cardiac sarcoplasmic reticulum, calcium release, calcium reuptake, and calcium storage [23] . Research shows that the main process of diastolic function is calcium reuptake. Under normal physiological conditions, after the myocardial cell membrane is depolarized, a small amount of intracellular Ca 2+ activates the calcium release channel of the sarcoplasmic reticulum to release large amounts of Ca 2+ into the cytoplasm, which rapidly increases the concentration of Ca 2+ in the myocardial tissue. Ca 2+ binds with troponin C to trigger the sliding filament and causes myocardial cell contraction. SERCA2a then absorbs Ca 2+ in the cytoplasm into the sarcoplasmic reticulum through the consumption of energy. At the same time, the sodium-calcium exchanger (NCX) will transport a small amount of Ca 2+ into the cell membrane. The intracellular concentration of Ca 2+ decreases rapidly, Ca 2+ and troponin C become dissociated, and the cardiomyocytes become relaxed [24] .
Research has shown that in the early stage of the disease, through a compensatory role, the expression of SERCA2a is usually upregulated. When serious heart failure occurs, the expression level of SERCA2a decreases markedly [25, 26] . Leszek et al. [27] found that SERCA2a reduces the expression of diastolic protein levels in DHF. SERCA2a activity also has an effect on the uptake of calcium by the sarcoplasmic reticulum. SERCA2a activity is mainly regulated by phospholamban (PLB). PLB is a single transmembrane protein with 52 amino acid residues and is mainly expressed in the sarcoplasmic reticulum of cardiac muscle, smooth muscle, and slow-twitch fibers. Changes in its expression levels and phosphorylation state can directly influence SERCA2a activity [28] [29] [30] [31] [32] [33] [34] . However, some researchers believe that PLB phosphorylation status plays a more important role in SERCA2a activity. When PLB is dephosphorylated, it can combine with SERCA2a to depress the calcium pump activity by decreasing the affinity of SERCA2a for Ca 2+ . In contrast, when it is phosphorylated, its inhibitory effect is eliminated, and the calcium pump activity is increased [35] . Unlike the elevated NCX expression level in systolic heart failure [36] , NCX expression is unchanged in DHF, which has no compensation for the rate of decline in intracytoplasm Ca 2+ in the diastole. In the diastole, the continuous increase in Ca 2+ concentration leads to Ca 2+ not dissociating from troponin, causing diastolic myocardial sustained contraction. Thus, the decline in myocardial relaxation is due to the performance of DHF. On the other hand, the increased concentration of Ca 2+ in the cytoplasm can activate Ca 2+ -dependent ATPase in cells, resulting in increased ATP degradation. The process of ATP degradation will produce large amounts of active oxygen, hydrogen peroxide, and superoxide anion. Through a variety of mechanisms, these substances decrease vasodilation, causing myocardial damage and eventually leading to ventricular remodeling.
Degradation of ATP and Oxidative Stress
Hypoxia and reperfusion can cause degradation of a significant quantity of ATP. Hypoxanthine, xanthine, and uric acid are ATP degradation products. Hypoxanthine needs xanthine oxidase (XO) to be catalyzed into xanthine. XO is also needed to convert xanthine into uric acid. In the process, it produces ROS, hydrogen peroxide (H 2 O 2 ), and superoxide anion (O 2 -) [37] . XO is converted from xanthine oxidoreductase. Another transformation product of xanthine oxidoreductase is xanthine dehydrogenase [38] , which can be converted to XO by various enzymes. Under hypoxia or reperfusion, a large amount of ATP is degraded and hypoxanthine is produced. The aggregated hypoxanthine increases the substrate for XO, which activates the metabolic pathway to convert xanthine dehydrogenase into XO. Some studies have shown that blood vessel endothelia and cardiac muscle can produce XO locally [39] . The effect of XO on hypoxanthine increases the generation of oxidative radicals and then causes myocardial injury and ventricular remodeling.
Oxygen free radicals are involved in cardiac remodeling in several ways, including inducing protein oxidization, DNA strand breaking, oxidization of cell membrane lipids, activating nuclear factor-κB, and activating mitogen-activated protein kinase [40] [41] [42] . For example, oxidized low-density lipoprotein (LDL) is formed because of the action of oxygen free radicals on LDL. LDL initiates the chain reaction of lipid peroxidation, and forms more oxidized LDL. Oxidized LDL damages endothelial cells and their function in a variety of ways, and then promotes oxidative stress, resulting in vasomotor dysfunction [43] . O 2 -and NO react to form ONOO -. In addition to lipid peroxidation, this process depletes NO, and then weakens the relaxant effect of NO on blood vessels and, as a result, the hypoxia worsens. Through the activation of MMP, ROS mediate the signal pathway of cardiomyocyte hypertrophy. This causes structural changes in the extracellular matrix, which then induces hypertrophy and apoptosis.
In summary, increases in preload and afterload as well as other factors will cause RAAS activation. Released aldosterone increases type I collagen, which results in oxidative stress and induces elevation of inflammatory cytokines. Injury and hypoxia can induce inflammatory reactions. TNF-α induces apoptosis through the activation of associated protein and oxidative stress. The changes in collagen fibers affected by TNF-α cause a decline in myocardial compliance. ATP is reduced due to hypoxia and ischemia. PLB phosphorylation is inhibited, and SERCA2a activity regulated by PLB is decreased, which causes a decline in the ability of sarcoplasmic reticulum calcium uptake. The elevated Ca 2+ concentration leads to cardiac spasm and an increase in the degradation of ATP. Active oxygen and oxidizing material produced in the process of ATP decomposition promote oxidative stress and induce hypertrophy and apoptosis directly. Any one of these four mechanisms can be the initial mechanism of DHF onset and then activate another mechanism. The final result is ventricular reconstruction and a decrease in ventricular wall compliance, which is the most direct cause of DHF. The indication of molecular mechanism of heart failure might provide integrative understanding and increase the reserve ability of heart problems [44] .
